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Abstract 
Amine-based CO2 capture technology is being developed in order to further reinforce and widen the applications of 
2 capture technology.  
The 20 ton-CO2/d pilot plant located at IHI's Aioi Works in Japan is based on the design knowledge acquired from 
fundamental technology research related to operational evaluation, material evaluation, and plant simulator 
technology. The pilot plant was constructed and the tests started in June 2012.  
We have been investigating advanced solvent, process and packing system for reducing consumption energy. We 
achieved the regeneration energy of the advanced solvent and process to be less than 2.7 GJ/t-CO2 by using the 
bench-scale test facility. Although these advanced technologies have been evaluated in laboratory and bench scale, 
we are planning to evaluate them by using the pilot plant in 2013.  
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1. Introduction 
Demand for coal resources is expected to continue to increase worldwide because of increasing energy 
demand in the future. Since coal resources are globally distributed, coal is expected to remain an 
important energy source from the perspective of ensuring energy security. Among all fossil fuels used for 
power plants, coal produces the greatest amount of CO2 per unit calorific value as compared with the 
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other fossil fuels. Thus, coal fired power plants seem to be one of the significant sources of CO2 emission 
and are required to reduce CO2 emission into the atmosphere effectively and economically. 
IHI is one of the major manufacturers of boilers and has supplied not only boilers but also air quality 
control systems (AQCS) based on rich experience of Selective Catalytic Reduction (SCR) and Flue Gas 
Desulfurization (FGD) Systems for coal fired power plants in the world. We are focusing to development 
of commercialize CO2 capture system to achieve low-carbon emission in coal fired power plants. We have 
been conducting R&D on oxyfuel combustion technology since the 1990s, and the oxyfuel power plant 
has been under operation since March 2012 in Callide Oxyfuel Project [1].  
We also have been researching amine-based CO2 capture technology which has higher flexibility for 
customer needs and regulations, for example retrofit, partial CO2 capture operation. IHI is engaged in 
comprehensive technologicaldevelopment including fundamental technologies that constitute amine-
based CO2 capture technology encompassing amine solvents, towers, packings and materials, as well as 
evaluation and plant technologies. 
 
from
FGD
to 
GGH
Pre-treatment system
CO2 Absorber
Stripper
CO2-Capture
Module
 
Figure 1. Schematic drawing of commercial plant for Coal Power Plant 
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2. Development Items for reducing consumption energy 
Figure 2 shows a conventional process of the CO2 capture from flue gas in power plants. This process 
involves extraction and consumption of part of the low-pressure steam as heat source. This inevitably 
causes reduced power output and efficiency of the power plants. Therefore, high-performance absorbent, 
packing system and process improvement are necessary for reducing consumption energy. 
Table 1 shows outline of IHI s R&D approach for reducing consumption energy. Our advanced solvent 
and process was evaluated by using bench-scale test facility.  
For optimizing the structured packing element to the amine-based CO2 capture process, our advanced 
design of the wall surface texture treatments and packing system was developed. The bench-scale test 
facility is too small to evaluate advanced packing system. So it was confirmed by using the CO2-NaOH 
experimental system which has absorber with diameter of 0.5m that our packing element has the high 
absorption performance and the low gas pressure loss. 
We will evaluate our advanced solvent, process and packing system by using the 20 ton-CO2/d pilot 
plant in 2013. 
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Figure 2. Flow Diagram of Conventional Process 
 
Table 1. R&D approach for reducing consumption energy 
Development Item Concept Study Method 
Advanced Solvent - High CO2 cyclic capacity 
- Low reaction heat 
- High desorption rate 
- Vapor-liquid equilibrium measurements 
- Reaction heat measurements  
- CO2 absorption/desorption rate measurements  
- Corrosion measurements 
- Bench-scale tests (50 kg-CO2/d) 
Advanced Process - High efficiency heat recovery 
- High CO2 loading of rich amine 
- Process simulation 
- Bench-scale tests (50 kg-CO2/d) 
Advanced Packing system - High absorption performance 
- Low gas pressure loss 
- Wetted-wall tests 
- Absorption column tests (CO2-NaOH, 0.5 m) 
1900   Shiko Nakamura et al. /  Energy Procedia  37 ( 2013 )  1897 – 1903 
3. Pilot Plant Tests 
The 20 ton-CO2/day scale pilot plant located at IHI's Aioi Works in Japan is designed based on the 
knowledge gained in our current research. The overview of the pilot plant is shown in Figure 3. We have 
been tested by using the conventional solvent (Mono-ethanolamine, MEA), the conventional structured 
packing (250 m2/m3) and the conventional process similar to Figure 2.  
Figure 4 shows the test results by using MEA 30 wt% aqueous solution. The CO2 capture ratio is 90%. 
The regeneration energy was 3.8 GJ/t-CO2 at optimum liquid-to-gas ratio (4 L/m3N-dry).  
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Figure 3. Pilot Plant and Specification 
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Figure 4. Test Results of Pilot Plant with MEA 
Source Gas Flue Gas of Coal-Fired Boiler 
 or PG Boiler 
Captured CO2 20 ton-CO2/d 
CO2 Capture Ratio 90 % 
Flue Gas Flow Rate MAX 4000 m3N/h-wet 
CO2 Concentration 14-15 %-dry 
Solvent Flow Rate MAX 24 m3/h 
Steam Flow Rate MAX 2500 kg/h 
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4. Bench-scale Tests 
4.1. Tests of conventional process 
The regeneration energy consists of three thermal energies, the reaction heat of CO2 desorption, the 
sensible heat of amine solvents, and the latent heat of the vapor from stripper top [2].  
Figure 5 shows the overview of the bench-scale test facility which was the conventional process. We 
achieved the regeneration energy of the solvent B to be 2.9 GJ/t-CO2 (Figure 6). 
Since the energy of MEA was 4.1 GJ/t-CO2, it seems that the absorption performance is less than that 
of the pilot plant. Thus, it is expected that the regeneration energy of the solvent B by using the pilot plant 
is lower than 2.9 GJ/t-CO2. 
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Figure 5. Bench-scale Test Facility and Specification 
 
0
1
2
3
4
5
MEA(30wt%) Solvent A Solvent B
Re
ge
ne
ra
tio
n 
En
er
gy
 [G
J/
t-
CO
2]
Latent Heat of Vapor from Stripper Top
Sensible Heat of Solvent
Reaction Heat
 
Figure 6. Bench-scale Test Results of the conventional Process 
Captured CO2 50 kg-CO2/d 
Absorber Diameter 70 mm 
Absorber Height 5 m 
Stripper  Diameter 55 mm 
Stripper Height 3 m 
Flue Gas Flow Rate 7 m3N/h-dry 
CO2 Concentration 15 %-dry 
Reboiler Duty MAX 3 kW 
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4.2. Tests of advanced process 
We have been investigating the lower energy process by using the process simulator. The result of the 
simulation suggests that the regeneration energy of our advanced process is much lower than the value of 
the conventional process. Figure 7 shows our advanced process. This process has two divided absorption 
stages and also two divided desorption stages.  
As a result of bench-scale tests, the latent heat was reduced by half and the regeneration energy was 
lower than 2.7 GJ/t-CO2 by using advanced process (Figure 8). In addition, 500 hours of operation was 
achieved by the consistent performance.  
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Figure 7. Flow Diagram of the Advanced Process 
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Figure 8. Bench-scale Test Results of the Advanced Process 
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5. Conclusions 
We have been researching amine-based CO2 capture technology which has higher flexibility for 
customer needs and regulations. The 20 ton-CO2/d scale pilot plant was constructed and the tests started in 
June 2012. We will evaluate our advanced solvent, process and packing system by using the pilot plant in 
2013. The acquired knowledge and experience will be applied for the design of demonstration/commercial 
plants.  
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